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|. System Architecture

|I. Description of System Components
|I1. Physical Configuration

V. Cost Estimate

V. Summary

See!
www.anl.gov/drake/numi_off_axis/030425 wor kshop.pdf
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¢ SySt em Over VI ew Front End Back End

® Discriminate Hitsfrom - - - - — - 1 == — — 7
Detector

® Timestamp Hitsin Front
End

m Store Timestampsin
L ocal Buffers

m Read BuffersPeriodically

|
|
m UseBack End Trigger L - - - - — = e

Processor to Reconstruct
H Its Timing System

»>Trigger-less— Like MINOS
»Similar to a Parallel Development for the Linear Collider
»Primary Goal: Cheap Electronics, 1 Bit Dynamic Range
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 Front End
m Custom ASIC
] Front End Back End

+ Resides on Chambers - - - — — — — 1 —— — — 7
+ Performs Functions: 2] e | . |
. | | | |
» Recelve Detector | ° I e ] e
Signals Differentially e ELmL T e |
» Timestamp Hits 5] s L . ] P

—»| ASIC Y Channel
» Temporary Data | e a e | |
Storage | ? FErggt s ngg,\o'& || |
. | :. Chips hd Concentrator | | |
» Serid 1/0 L T e

¢ Services 40 Detector
Channel S (9 64) Timing System
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 Front End (Cont.)
m Data Concentrator:
. Front End Back End

¢ Concatenate SeyialData — — — — — — — 9 —— — — 7
Streams from Several 3] G L || |

Chi pS | ~ ° Control | | VME |

. - . . | <_—=§ | | ™ Processor |

¢+ DriveSingle Serial Line | & |2 [ |

to Back End Read-Out |37 so | | e || | = P
Electronics gy B . | | e ||

+ Handles Control :* o] e : : :
|nterface | T . I

Timing System
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e Back End
= VME Data Collector:
Front End Back End

* 9U x 400 mm VME r - - - = = O == "

+ Receives Serial Data 5] e a |
Streams from Several :* o Lo~ : : | e :

Data Concentrators e FHPm L e |

* StoresDatain Buffers 1] & & e 11 [z b

* BuffersRead by VME | _— = |
Processor G E LA e T |

L _ _ _ _ _ _ B e e

Timing System
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e Back End (Cont.)
® VVME Processor: Front End Back End

* ReceivesDatafromAll I —— = = = R e
Data Collectorsin VME | 3| csen o a |
Crate :+ o Ll : : e, :

+ Forms Time Frames e I [ |
from Timestamps kN e Il
(~1 Sec) | o N e |

+ Sends Time Frames to :* Co NER : : :
Trigger Farm for L B e
Processing

Timing System
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e Back End (Cont.)
. Trlgger Farm Front End Back End
* Receives Time Frames r- === == 9 == = = 7
from All VME 3] G L | |
Processorsin System T e e |
UssTimesapsin | § 5= s T
Pattern recognition e] e | . ] Iy
Algorithm to Find Rl R A .
Tracks 3] e F e L al
+ Write Good Datato :_* _: :_ _:
Disk
+ Discards Junk Timing System

> Trigger Processing —Like MINOS
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* Front End ASIC
m Basic Architecture ape T
¢ Front End Amplifier & Front
Discriminator Senses Hits e 1 S n Lon 7 Serialn
Above Threshold ] e
+ Bits Clocked in Shift Fen s e [\ %
Register H> |
¢ Save Bits& Timestamp on e {1 of & [T | €|
L1A or Self-Trigger 1 § e g |2 o
+ Serial Output — Data Serial =i
Input - Control . S IR
+ 24-Bit Timestamp Counter > E |
Runsat 10 MHz Tiosamy
* Services 40 CH (= 64) T
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* Front End ASIC (Cont.)

Clock L1A

m Each FEA Channd Has:

+ Instrumentation Amp Receives Front
Signal Differentially End pm o Serl

»

. ASIC L1A L2A 1b
* Pulse Shaping ] e
+ A Discriminator - a1-Bit ADC! e A M
. iscrim 1bx N
+ Adjustable Threshold Voltage > [
0 1bxN s
¢ Can Accommodate e LD E opeme | B
rom ) = o
Positive or Negative Input > L
T g pr @ » Serial Out
° S ® 14
Constant Lateh EN = Pipeline
AV l __>" 2| wxn
- 1 R\_> Digita :
e %%§ >m~4 : S
Detector -

iClk
Reset

Instrumentation Shaping Discriminator
Amplifier
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* Front End ASIC (Cont.)
m Shift Register: Gate LA
+ Bit Pattern Shifted Through Eront
Pipeline with 10 MHz Clock End g omd - setlin
» Store Bitsin Read-Out Buffer on e | e
LlA FEA & Pipeline w R
+ Read-Out Buffer Stores Multiple __Dg e
Events gl Js
= Timestamp: o o e frecl = ;
+ Timestamp Counter Runs at 10 T | S| g o
MHz - 100 nS Resolution S B
+ Store Timestamps in Read-Out _> & [ orene
Buffer on L1A -
* Reset Counters Globally 1/Sec Comer . [
- Need 24 Bits 1
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e Front End ASIC (Cont.)
= Triggering:
Tri : Front
¢ %f Trl gger' E:]Odn P Control n Lo 7 Serial In

» Auto-Generate L1A When ASIC | —
Hit, Single or Combination " v l

» Timed to Capture Event of s || e "
Interest at End of Pipeline T - I

» Readout Buffer isFIFO,  mus >l & [ poane | £ |
and Can Store Multiple ~ o=evor | | S o |5 | S - on
Events .>_' g 1biN é o 1b

» Use This Mode for eSS
Normal DAQ
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* Front End ASIC (Cont.) e
= Triggering (Cont.): | 1
¢ External Trigger: Front | T o
» Can Send Signal to External asic | b—p—— "
Trigger System ™ 1
» Can Receive L1A & L2A e || Tew |
from External Trigger System - >+ 2 [ % |
» Pipeline Length Determines s > f e €]
Trigger Latency e s s [rome | : o
» Can Receive Gate from i1 ||
External Timing System . gl :
» Use ThisMode for Test Tty
Beams & High-Rate =
Environments e
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* Front End ASIC (Cont.)
= Serial 1/O:
+ Single Serial Linefor Data & ALATE W — o
Control asic | b — 2 2 °
+ Runsat 100 MHz P A S
+ 88 Bits/Event, + Control __> [
> ~1 uS/Event s | : | €
¢ UART Reads FIFO o g =t & N I N A
Whenever FIFO Not Empty i T
+ Use Control For: __> L [“rpere
» Threshold DAC —
» Charge Injection coe [
» Diagnostic Bit Patterns e




NUMI Off Axis SyStem Electronicsfor RPCs

Workshop Gary Drake, Charlie Nelson
Argonne M eeting Components Apr 25, 20

e Data Concentrator

m Coalesces Several Serial
Data Streamsinto One

Data

® Needed to Reduce Back-End Concentrator
Costs To Front Ends 4 |/|;Pgrﬁ)wn) To Back End
u Reallze Wlth FPGA SERINO1L < |—1 _\_
+ AppliesID to Identify e ‘L I o
&)urce E ] \\ l_Control l&«<— Clock
* Has BUffermg ) =0 Buger —> DATOUT
¢ Has Flow Control SERIN12 | —

= Similar Device Servesto
Coalesce Data M ultiple
Concentrator Outputsinto
OneData Stream -
“Super” Concentrator
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e Data Collector

m Use VME as Read-Out
| nfrastructure

® OU x 400mm, 12 Inputs
m RecavesData Streams

:l I:I VME
] I:I Interface
[ ] _
:l I:I — | Backplane

" SavesDatain Oneof o G- LJ | ot
Two Buffers o L

m Read Buffersfrom myy |
VME — [ -

® Also Provides Control mill Control .

l_Il_ll_Il_Il_IBl_Il_Il_Il_Il_Il_l

Buffers

Transceivers
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e Data Collector Crate

= \VME Crate Can Hold
~20 Data Collectors

Front End Data Collection Crate

= VME Processor Connects || 2°°°]°[°[°]°[°|°|°|¢|°|¢|¢|°
_ S| lololo|o|lo|o|o|o|o|o|o|o|o|o|o|o
’[ONetWOI‘k&THgger &| |o|o|o|o|o|o|o|o|o|o|o|o|o|o|o]o
o O|o|o|Oo|Oo|Oo|O|O|O|O|O|O|O|O|O]|O %
Farm 5| lololo|olo|olo|o|olo|olo|o]ololo| |3
2| |o|o|o|o|o|olo|o|o|o|o|o|o|ofof|o =
o|olo|o|olo|o|o|olo|o|ofofo|o|o| |E
H]| |o|o|o|o|o|o|o|o|o|o|o|o|o|ololo| |F
Ethernet o|o|lo|o|o|o|lo|o|o|o|o|o|o|o|o|0
| |o|o|o|o|lo|lo|o|o|o|o|o|o|o|o|o|o
o|o|o|o|o|o|o|ololo|o|o|o|o|o|o
olo|olo|o|olo|olo|o|o|olo|olo|o] |el From
Timing
System
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e Electronicson Each Plane

200Y Strips/Plane,
80 X Stri pS/Pl ane Front End ASICs

Use 40 Ch/Chip oy e
- 7 Chipg/Plane

Each ASIC Resideson a
Printed Circuit Board
- 7 FE Boardg/Plane

1 Data Concentrator per e
Plane — Collects Data RPC Chamber

With XY Readout Strips

from 7 Front End Chips 12 per container

Each Data Concentrator
Resides on a Separ ate
PCB on Plane

Front End Boards

Data Concentrator

<— Serial Readout,
§/ Control, Power
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 Planesin Container
= 12 Planes/Container
m ] “Super” Concentrator per Container
m Use VECSEL Optical Driversw/Fiber for Output

(6 of 12 Planes Shown)
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e Connectionsto Container

= One Group of Cables per
Container

m CableBundlelncludes Serial
Data, LV Power, HV Control

m 1 VME Crate Services ~200
Containers, But Need Space
for LV Power Supplies...

Data .
Collection Containers

Rack
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e Bandwidth Considerations
= Per ASIC Output (Data Concentrator Input)
(15 m?/plane* 1 KHz/m?) / 7 Chips/Plane = ~2 KHz = 1 Event/500 uSec
88 b/event * 100 nS/b = ~10 uS/event << 500 uSec - OK
m Per Data Concentrator Output (Super Concentrator I nput)
15 KHz/plane - 1 Event Every 66 uSec
(91b/event * 100 nS/b) = ~10 uS/event < 66 uSec
- OK w/Buffering & Flow Control (Can Run ThisLink Faster...)
m Per Super Concentrator Output (Data Collector 1nput)
12 planes* 15 KHz/plane = 180 KHz = 1 Event Every 5.6 uSec
(~100b/event * 10 nS/b) = ~1 uS/event < 5.6 uSec
- OK w/Buffering & Flow Control
—> Probably Need Fiber for Long Cable Runs @ 100 M bps
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 Power Considerations
m Per ASIC (10 MHZz Operation)
~15 mW/CH * 64 CH = ~ 1 Watt/Chip - 84 Watts/Container
m Per Data Concentrator (10 MHz Operation)
~ 0.25 Watt/Device - 6 Watts/Container
= Per Super Concentrator (100 MHz Operation)
~2 Watts/Device - 2 Watts/Container
= Per Container
- ~100 Watts
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e Assumptions

Needed Number to
Component for Produce
Detector *REQUIRED**
Basis of Counts:
Number Channels/Plane 280
Number Planes/Container 12
Number Containers 2,000 2,000
Total Number of Planes 24,000 24,000
Total Number of Channels 6,720,000 6,720,000
Number Channels/ASIC 40
Number ASICs/Plane 7
Number ASICs/DatConc 7
Number DatConc/SupConc 12
Number SupConc/Data Collector 12

Number Slots/VME Crate 17
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Component Nef%dred Ngr@g&r:éo Tot,\fjlllggost Totzél Labor Total Cost /g/ﬁ%la
Detector ~REQUIRED** ost wiLabor Un_llggcl)st
Items to Produce:
Data Collectors 167 183 $595,013 $30,140.00 $625,153  $3,422.37
Front End Boards 168,000 184,800 $7,585,300 $620,928.00 $8,206,228 $44.41
Data Concentrator Boards 24,000 26,400 $4,108,200 $279,180.00 $4,387,380 $166.19
Super Concentrator Boards 2,000 2,200 $493,600 $31,350.00 $524,950 $238.61
VME Timing Modules 10 12 $12,250 $396.00 $12,646 $1,053.83
Items to Purchase:
ASICs 168,000 200,000 $3,721,000 $0.00 $3,721,000 $20.14
VME Crates 10 15 $51,750 $450.00 $52,200  $3,480.00
VME Power Supplies 10 13 $52,000 $429.00 $52,429  $4,033.00
Front End Power Supplies 2,000 2,201 $440,200 $72,633.00 $512,833 $233.00
FE-DatConc Cables 168,000 168,500 $168,500 $0.00 $168,500 $1.00
DatConc-SupConc Cables 24,000 24,200 $48,400 $0.00 $48,400 $2.00
SupConc-Data Collector Cables 2,000 2,200 $22,000 $0.00 $22,000 $10.00
Power Cables 2,000 2,200 $22,000 $0.00 $22,000 $10.00
Timing System Cables 10 12 $480 $0.00 $480 $40.00
Total Costs $17,320,693 $1,035506  $18,356,199

Avg. Cost/Ch
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= Primary Goal of Electronicsfor RPCs. CHEAP
* Low Event Rate (Mostly Noise)
+ Low Dynamic Range (1 Bit)
* Low Clock Speed

+ Funnel Many Channels into a Read-Out Board
(VME Real Estate is Expensive)

m RequiresASIC to Achieve Low Cost & Desired Performance
+ Not aBig Dea These Days, But Does Take A While
¢ Chip Has Many Blocks, But Each Block is Straight-Forward

s ASIC Development to Begin Soon (= Linear Collider)



